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ABSTRACT 

Ten Yorkshire X Lacombe barrows (30 kg average 
liveweight) were successfully prepared for collection of 
Pancreatic julceswithedraining@and re-entrant ecannuiass The 
procedure involved the construction of a duodenal pouch at 
the pancreatic duct Vandvend=to-end anastomosis ot «the 
duodenum. Success with this procedure is attributed to 
fistula location, one-way valve design of the re-entrant arm 
of the cannula and precautions taken to minimize the 
formation of intra-abdominal adhesions. 

Three experiments were conducted at the University of 
Alberta Metabolic Barn utilizing the ten surgically altered 
pigs to determine the effect of diet and feeding on 
pancreatic secretions. In the first two experiments, 
pancreatic juice was collected between meals from 6 pigs fed 
partially-purified diets in 2 meals per day. In Experiment 1 
(3 pigs), dietary treatment had no effect (P > 0.05) on 
volume or protein content. LipaSe activity increased 6-fold 
(P < 0.05) with the feeding of 10% tallow as compared to 2% 
tallow included in the diets. Trypsin, chymotrypsin and 
amylase activities decreased 2-fold (P < 0.05) with the 
absence of dietary protein. In) Experiment 2 (3 pigs); 
dietary treatment had no effect (PF = 0.05) om volumes All 
PLOurmenzyme actavities and protein conten cecreasedswitn 
the absence of dietary protein (P = 10,05). lt was concluded 


Phat enzyme composition changes in mesponce to diet, 


3 ah 


36 


29% 


ee 


does bauser 386 er yop ntevoy 
' 7 F sin 


75 no tga 
-25.UNGBe 
oven, LaF 

ana te 
oi Serdd 
¢ns1309-?7 


ai 45 


4 a af 
3 = 
44 
- ied 
yeu 
ig if 
* ] 
fr BD), | 


t 
Sir-ad oOgees: 


27 EMO 


bis o12g% 


, fapig : dm rid) ot E2059 | 


ih. anuidyv 


oo seh 4 


los 394° sone | 
trattee-at bes caueie unit 
sboub. s 10 aais ruayenos eaJ beviov 
staonoserns Sns- “92 =Bna Bre sob streoxoneq ‘eda 
iza3s 2i wubs00%g, aiid arty ey smunsboud 
aid Jo npiesh sviae ene sro nod amet atusei 
iminim od. asta enoribser bas stein $a3 ic 


,anoteeni5s Lanimebts- 6 turk qa notsew20! 


estevovinti an2 24 fai sino, 2998w Ssndhs 19Rs aout 


[ssipiwwe oad 9ns onisclre iaBe >t iodsaoM stiedlA 


ibas? Sne teth io ects ed+ satmve#s5 oF epig 


mi yaqgze, ov. 327 is ed? ot enol ts 3292 sites1onsq -- 


cigom rosatsy hesspitos eeu edivi ai seeronse 

‘eb. 12g stead s ab asorb bei timwg-ylistiseq 
1) tostao co bad ‘yasnsde74 eee eer €) 
on unt a1 escid ogden ait 


sreaeted > 4) 


ae a 


ep oa veto. aah 
5 eo 
AO —— -a) a3) 2 iad on » Bae ft . a : = sort a = 5 
ee aul eye Lhe ane = ee a 
2 se 217%" hed _ = \ a o* 


myn 4c 
o 
- 


= 26. welled eat ia pn soeee 
® »s ; 7 "by 


~ . 2 : . ; 
ssoavdn’ Nraqy2t pucinl 
4 oY 


iJ 
4 
bio 


7 ~ 7 
: A 


‘i 


. 4 “4 


76ns 


In a third experiment, pancreatic juice was collected 
for 24 h collection periods from 4 pigs fed a grower diet in 
one meal, two meals or three meals per day. A trend (P < 
0.05) for increased volume, protein and all four enzyme 
activities after feeding was observed. Daily volume tended 
GO “increase (P <)0201) bys0e5 Pewrth eachwadditionad smeal- 
Frequency of feeding had no effect (P > 0.01) on protein 
Secretion and proteolytic enzyme activities. Amylase 
activity@inereased 2-fold (P <20,01) wrthkeachsadditional 
meal. Lipase activity was higher (P < 0.01) when pigs were 
fed one meal per day as compared to two meals per day. 
Feeding stimulated pancreatic secretion and frequency of 
feeding increased daily volume and amylase activity. 
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INTRODUCTION 


The pancreas secretes a clear, viscous solution with an 
osmolarity similar to that of serum into the proximal 
duodenum, where it 1S mixed with intestinal contents. This 
solution consists of two fractions. The aqueous fraction 
buffers stomach acid so that the enzyme fraction can promote 
digestion. 

Water and electrolytes are secreted from the pancreas 
by the epithelial cells of the intercalated ducts. The four 
predominant electrolytes are sodium, potassium, bicarbonate 
and chloride. The bicarbonate concentration of pancreatic 
secretions can be three to four times greater than that in 
serum and has been found to increase with the rate of 
pancreatic secretion while chloride concentration decreases 
tO maintain a constant osmolarity. The bicarbonate-chloride 
exchange 1s an active process within the ducts. The high 
concentration of bicarbonate ion helps to neutralize the 
acid chyme so that digestive enzymes can act at their 
optimal pH. 

The digestive enzymes of the pancreas are capable of 
facilitating the hydrolysis of proteins, carbohydrates and 
fats to simple molecules that can be readily absorbed by the 
small intestine. The enzymes are stored as inactive 
precursors in zymogen granules in the apex of the acinar 
cells within the pancreas. 

The major proteolytic enzymes are trypsin, chymotrypsin 


and carboxypolypeptidase. They are synthesized and secreted 
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in their inactive forms as proenzymes. Trypsinogen, the 
trypsin proenzyme, becomes activated upon secretion into the 
duodenum by enterokinase, an enzyme produced by the 
intestinal mucosa. Trypsin is autocatalytic and activates 
trypsinogen. Trypsin also activates the remaining 
proenzymes. The proteolytic enzymes are responsible for the 
hydrolysis of whole and partially digested proteins into 
small peptides and free amino acids. 

The digestive enzyme that hydrolyzes carbohydrates such 
as starch and glycogen to form dissacharides 1S a-amylase. 
ie vomactivated by chloride vons, 

Lipase hydrolyzes triacylglycerols releasing long chain 
Fatty acids. It hydrolyzes most fat to form 
2-monoacylglycerols, as well as, diacylglycerols, glycerol 
and free fatty acids. Colipase prevents bile salt 
inactivation of lipase, 

Thus, the digestive enzymes of the pancreas play a 
major role in nutrient absorption. They contribute to the 
breakdown of diverse, complex molecules of dietary 
components into simple molecules suitable for absorption. 

The study of the exocrine pancreas has developed from 
in vitro methods using slaughter techniques to successful, 
longterm in vivo measurements to quantitate pancreatic 
secretions. Cannulation has given access to pancreatic 
secretions with minimal interference to normal digestive 
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The major objectives of this work were to develop a 
method to collect pancreatic juice from the growing pig and 
to investigate the enzyme fraction of pancreatic secretions 


in response to diet and feeding. 


I. RE-ENTRANT DIVERSION OF PANCREATIC SECRETIONS 


A. Abstract 

A surgical procedure was developed to permit collection 
OL paneredt lem juice st rom “conscious ,sunmnestrainedaprgs's JA 
cannula was used to conduct pancreatic juice from a small 
isolated segment of duodenum at the pancreatic duct, through 
permanent intercostal fistulas, and back into the duodenum 
Withine3 cm of the normal entry *point “forspanereatic juice. 
Success with this procedure is attributed to fistula 
location, one-way valve design of the re-entrant arm of the 
cannula and precautions taken to minimize the formation of 
intra-abdominal adhesions. Pancreatic juice was collected 
from 3 barrows (35 kg average initial weight) which were fed 
cornstarch-based diets twice daily, 0.9 kg each meal, 12 h 
apart for a 6 week period. The average daily volume of 
pancreatic juice secreted was 3.8 + 0.9 1 which contained 
(eres eS eg protein SeA Nl 2ehesecretvon profile relateds te 
meal time, showed a consistently repeated response pattern 
EOULECOING. HSeCrebion Tates increased withimethe frust 3h, 
weakxeca during 3-7 h (P< 0. 05)S@and decreased  Logbasal trates 
duminguuhe last sS hn. Secretronsomobtainedelrom = blindessem 
duodenal pouches did not exceed 20 ml per day. During the 
four month study, pancreatic secretions were persistent and 
meal induced secretion patterns were sustained. Cannulas 
were still functional when pigs achieved liveweights greater 


thane fOUakG. 


at-peblos 'siniag 04 Beqotaves aay siubs20sd (eviews & 
A .@pig benisifaerta javoivanos mor? soivt ofieetors 
fiesta 4 més? 2520 oigebssn gp Feibpes te Seau enw sure 
douezi2e ,toub oizGs.oneq ets ah nisebaws *> 18eagse begs. 
dusatbousSens oval dosd Bre chladet losaenverni Jmens 7 
ssoiue. sitséexnneq YO? nto yseos Yegeres of0 to md € abidie 
eiut2ii of Betudtye 2i ‘saEsvorg site dtkw ® soDua 

sd9- Jo wwe gnediné-o1 add. 26 ot 'tedad Sviav yowrena ,nobse 
ty nabzenaot Sdd ociminin of sede2 etolcusae7q Sne atonal 
bejssilos #64 aatur sitseetads? .gaotesdee let mebds-arg - 
bed ovew dofdw (Usiprev, fefvini geszeverpe 2£) zvosded € 201d 
fi S!  »Pseam Goss Di a4 wt! SG sctwg 23865 beeed-do1sseneeee 
te siudey yfiab spsises oct _.Goiisy 4se¥ @ 6 302 JRE 
hetitunca dotdw t 820.4 6.6 sew! Go 7e19s2 “este >i dsetoaa@ | 


od Sétefsn Slitota nolgaizee if) A spistesg ¢ Est bof 


niswved sancgeoT heytsqsy visnt12 tenon 6 bewode ,emid E 

W% geaii ody nivtl) G8esat00n: eader nolrsso0e .pnthped ot 

— 

gegen isaed. ot Hecss7tse5 Shc (20.0 > Wi of V-t patws beteaq. 
ma. 2 Gnzfid moi? becissdo encids2nse if = tes! aft gee 

etd oniwG-sysab 24g Imv0S bseoes Jon bfb exdoyoq bee 

Bas 2S32i2190 SIsW enoigeisea 2icastoneg .vbuie iace 

@6lunnms) .bentsiaue a29¥ 2nzedteq ncirsaisse beaubab : 

‘493880 @idgiavevil Devsides aevig osdw leroissaud Bfiee 

| 28 O08 


Key Words: CANNULATION, PANCREAS, SWINE 


B. Introduction 

Studies on the influence of diet on the exocrine 
pancreatic secretion of growing pigs have been hampered by 
the premature loss of pancreatic duct catheter patency 
(Partridge ef a]. 1982). Such practical problems have 
precluded long term studies for assessing the relative role 
and adaptive capability of the exocrine pancreas in 
digestion. An alternative was sought for chronic cannulation 
of the pancreatic duct in order to overcome the difficulties 
of interpreting results obtained in short-term studies. 

Two basic approaches have been used to collect 
pancreatic secretions in experimental animals: (1) direct 
cannulation of the pancreatic duct and (2) collection of 
pancreatic juice from a duodenal pouch. Thomas (1959) 
reviewed the use of these two approaches in dogs. Direct 
cannulation procedures have been described for rats (Love 
1957), sheep (Taylor 1960), swine (Pekas 1965), cattle (Wass 
1965a) and poultry (Hulan et al]. 1972). However, this 
approach was found to be of limited success in growing pigs 
(Corrings etal .20 072 )* asipancreatic juice) couldsbevcolliected 
foreionlivye|) ore2e months following sungenyes Corrang: Wi980) and 
co-workers adopted this approach on the belief that the 
trauma of direct duct cannulation was not as great as that 
caused by duodenal pouch formation and intestinal 


anastomosis. 
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Recently, Zebrowska et al]. (1981) attempted an 
intermediate approach by preparing a duodenal pouch and 
connecting the remaining ends of the duodenum with a 
re-entrant cannula. Unfortunately, these workers did not 
reconstruct the duodenum and may have compromised pancreatic 
function by possibly altering the rate of passage through 
their re-entrant cannula. 

A procedure was devised that reduced problems 
previously associated with cannulation to collect pancreatic 
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C. Materials and Methods 


Cannula design 

Cannulas were made from preformed Silastic® components 
(Dow Corning Corp., Midland, Michigan) and assembled with 
RTV silicone cement (Figure I.1). Polyvinyl alcohol foam 
(Ivalone sponge) was purchased from Unipoint Industries 
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Animals 

Three Yorkshire X Lacombe barrows (28 kg average 
liveweight) were obtained from the University of Alberta 
swine herd. Pigs were housed individually in 0.5 x 1.0 m 
stainless steel metabolism crates in an air conditioned and 
jightrcontrolledibarn (continuous light, air temperature 23 


* { “"C) one week prior to Surgery and fed an i8% crude 
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protein pelleted starter diet (Table I.1) ad Jibitum. Water 


was supplied ad /]ibitum from a low pressure drinking nipple. 


Surgical procedures 

Pigs (30 kg average liveweight) were starved for 36 h 
and anesthetized with halothane-oxygen through a face mask. 
No premedication was used. Aseptic technique and standard 
Surgical procedures were followed. 

The pig was placed in left lateral recumbency, the 
right thoracic and abdominal wall was clipped with a #40 
blade, scrubbed with providone iodine solution, rinsed with 
70% ethanol and draped. 

A 15 cm incision was made caudad and parallel to the 
last rib through the skin and the external abdominal oblique 
muscle. The remaining two muscle layers were split by blunt 
dissection and the peritoneum was cut parallel to the 
incision. Thereafter, 250 ml of sterile saline were poured 
into the peritoneal cavity. 

The right side of the ribcage was elevated and the 
proximal duodenum was retracted with intestinal forceps. 
Saline moistened Telfa® pads, 10 cm’, (Kendall Canada, 
Toronto, Ontario) were placed over the wound edges beneath 
the exposed section of duodenum. The pancreatic duct, 
lécated approximately 15 cm from the pyloric sphincter where 
the pancreas is most closely attached to the duodenum, was 


identified within pancreatic tissue by gentle palpation. 
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A 4-6 cm section of duodenum which received the 
pancreatic duct was isolated to prepare a pouch. The 
duodenum was clamped tightly 2-3 cm caudal to the pancreatic 
duct with two 18.5 cm nontraumatic Bainbridge vascular 
cdanpsathiguresi. 2; eA) Sandi transected. yltemajor vessels 
could not be avoided, these were ligated with 3-0 silk 
before the duodenum was transected between the clamps. The 
proximal end of the duodenum, which was closed with 2-0 
chromic gut by a Parker-Kerr oversew, formed the bottom of 
the duodenal pouch. 

The intestinal contents of the pouch that was being 
prepared were evacuated by gentle, retrograde massaging. A 
pair of lchamps was placed ™2-3 cm anterior to ithe duct 
(Figure 1.2, B) and the duodenum was transected between the 
clamps. A single purse string (2-0 chromic gut) was placed 
around the opening of the pouch and the draining arm of the 
cannula was inserted and secured. As the draining arm of the 
eanntila Lidledewith pancreaticw juice; @careiwas@takenvrre 
divert the secretions away from the abdominal cavity. 

The completed pouch was gently reflected dorsally and 
the remaining duodenum was anastomosed with one layer of 
interrupted inverting mattress sutures of 3-0 gut at 3 mm 
incenval se (Biguneseles,.).2)2e@A 2 >cmeoval purser string (2-0 
chromic gut) was placed 1 cm orad to the anastomosis on the 
antemesenteric side to secure the re-entrant arm of the 
€anmiuila. pThe pouch andadrainingvarmaolethe cannula were 


rinsed of small blood clots and mucus by passing a small 
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Gatherer sthroughsehe canntlaeane fl lushimagwe theasalanes etihe 
cannula was exteriorized through stab wounds between the 
laseesiribss [Seemidorsalstorthercostochondmalsjunction with 
the re-entrant arm of the cannula positioned caudally. The 
pouch and the anastomosed duodenum (Figure 1.5) were held 
against the peritoneum by the cannula which was secured 
against the skin with the rigid washers and retaining rings 
(Higurerl. 1; 04374) <eBefore closing thevabdominal cavity, 200 
mg oxytetracycline hydrochloride and an additional 250 ml of 
sterile saline were introduced into the peritoneal peeve 
Thus; taetotalvorn0ySedlotusalanerwasedelavered=anganlartempt 
to maintain the animal's fluid balance. 

Following surgery, the pigs were allowed to recover in 
raised pens with plastic coated wiremesh flooring and a heat 
lamp placed directly overhead. Water and the starter diet 
were supplied ad /ibitum. The next day pigs were moved to 
metabolism crates in the same barn and were offered the 
Starter diet ad ]ibitum for 2 weeks to attain a liveweight 
of 35 kg. Thereafter, they were fed cornstarch-based diets 
(Tablespe2))eS00ne twice daily peate0800mandy2000gh forms 


weeks. Water was supplied ad /ibitum. 


Collection of pancreatic juice 

Collection of pancreatic) juice involved) disconnection 
of the re-entrant cannula and attachment of extension tubing 
(3-9 mm idx 2 m)s9 Straight stainless steel tubing (5acm) 


was used to attach the cannula to the extension tubing. To 
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prevent entanglement and to enable unobstructed continuous 
collection; themextension tubing! wasitapea to: the! base! of 
thei teil. Pancreatic juice was reintroduced by qravity flow 
every hour to prevent dehydration due to the loss of 
electrolytes via pancreatic secretions (Thomas 1959) and to 
minimize hypersecretion (Corring 1974). Collections were 
made every 2 weeks on days 9 (0800h to 2000h) and 13 (2000h 


to 0800h) from three pigs over a 6 week period. 


D. Results and Discussion 

The entire surgical procedure was completed within 1 h 
and pigs usually regained consciousness minutes after 
discontinuing anaesthesia. Recovery from Surgery was rapid 
and uneventful. Pigs started consuming the starter diet and 
drinking water within 12 h after surgery and all pigs 
consumed more than 1.5 kg diet per day within the week 
following surgery. Pigs usually passed hard dry feces within 
the week as they began to increase their consumption of the 
Starter diet. 

Post-surgical complications were encountered in the 
initial cannulations. These were characterized by 
inappetance and vomiting which were the consequence of 
intestimale tract blockage secondary to intresabdominal 
adhesion formation. These complications required repeated 
surgery, but carried a poor prognosis. Formation of 
adhesions were prevented by modifying the surgical procedure 


to minimize abrasion and contact with rough surfaces. 
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The duodenum and pancreas can be adequately exposed 
through the approach that was previously described. However, 
considerable variability in the length of the mesoduodenum 
was found which at times seriously hampered the surgical 
procedure. Manipulation of the intestines was made easier by 
pouring sterile saline (at room temperature) into the 
peritoneal cavity at the beginning of surgery causing smooth 
muscle contraction and increased tone of the gut. The smooth 
contact surface provided by the Telfae pads (or adhesive 
drapes) further reduced tissue damage. Surgical gloves with 
a textured finish should be avoided. 

HemostaSis waS maintained by ligating major blood 
vessels and by uSing vascular clamps when transecting the 
duodenum. The narrow clamps crushed the blood vessels, 
prevented slippage of the clamped intestine and reduced 
tissue loss. 

During preparation of the anastomosis (Figure 1.4), 
contact between the viscera and the crushed ends of the 
duodenum was avoided and suture knots were hidden between 
the serosal layers of the two ends of duodenum by using 
interrupted inverting mattress sutures. This procedure 
prevented formation of adhesions between the anastomosed 
duodenum and adjacent viscera. The use of three stay sutures 
provided for easier manipulation of the duodenum when the 
clamps were removed to finish the anastomosis. By tenting 
the duodenum with the middle and opposing stay sutures, the 


two edges of the duodenum that remained to be anastomosed 
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were brought into close opposition. This prevented 
intestinal contents from leaking out into the abdominal 
cavity. 

The final instillation of saline into the abdominal 
cavity probably helped to re-establish the normal alignment 
of the viscera once the animals regained consciousness and 
stood on their feet. Following anaesthesia, all pigs were 
ambulatory within 15 min after surgery. The use of longer 
acting barbituate anaesthesia could lead to a longer period 
of recumbency and might promote the formation of intestinal 
adhesions and subsequent complications. 

Post-mortem examinations were carried out 4 months 


later when the pigs achieved liveweights greater than 100 k 


ive) 


and became too large for the metabolic crates. No evidence 
of intestinal adhesions was found, but there were excellent 
adhesions between the parietal peritoneum, the pouch, and 
the anastomosed duodenum. There was no dilatation of the 
pouch and the mucosa showed no evidence of irritation or 
damage. 


In earlier preparations, the pouch was sutured to the 


the vascular attachments. However, at times a fistula formed 
allowing pancreatic juice to flow directly into the 
duodenum. Adhesions between intestinal loops will fistulate 
and can permanently alter the direction of intestinal flow. 
Fistula formation is not uncommon at adhesion sites and may 


explain inconsistent results in some studies involving the 
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use of gastro-intestinal cannulas. Similar complications 
have been observed in sheep fitted with intestinal cannulas 
ares Univ ereutyeole AlibertagReews ‘Christopherson, personal 
communication). Post-mortem examination of surgically 
altered animals should be carried out routinely. 
Considerable variability has been reported in 
Panerearicl duct anatomy im pigs -Gembnyologircally «the 
pancreas is derived from two separate primordia. One 
primordium arises dorsally, directly from the duodenal 
entoderm; the other arises ventrally, from the hepatic 
diverticulum. These two primordia eventually fuse to form 
the pancreas. In the pig, the terminal portion of the 
pancreatic duct associated with the common bile duct 
atrophies to become a remnant leaving the accessory 
pancreatic duct as the definitive duct draining the pancreas 
(Patten, 1948). Vodovar et aj]. (1964) observed that in 50 
Large White pigs, 9 had both ducts, 2 had drainage into the 
common bile duct and 39 had a single duct joining the 
duodenum. Wass (1965D) examined the pancreatic duct system 
in 15 pigs of mixed breeds using an x-ray technique 
following injection of a radiopaque contrast medium into the 
pancreatic duct. Only the normal pancreatic duct was 
functional im each prg andi no .abnormala tves#were® found: 
Examination of 30 pigs from the University of Alberta swine 
herd showed that the pancreatic duct was entirely embedded 
im panereatic tissue and could be discerned: through gentle 


palpation. No duct abnormalities were found upon dissection. 
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The cannula used in the present studies incorporates 
several important design features. The retaining rings and 
washers are necessary to immobilize the cannula and hold the 
duodenum tightly against the body wall to prevent twisting 
of the intestine. The polyvinyl alcohol foam reduces 
stretching of intercostalsfistulas and subsequent leakage 
Whichecam Cause ipritationtand subbing due to an alkaline 
dermatitis as was described by Scott (1940). Without the 
rigid internal washers and polyvinyl alcohol foam, the pigs 
would rub against the plexiglass wall of the metabolism 
erate and eventually dislodge the cannula. In further 
studies, the adhesive bond between the polyvinyl chloride 
washers and the silicone rubber tubing was found to be 
unreliable. Pigs that made a habit of rubbing against the 
plexiglass wall of the metabolism crate broke the bond 
between the washers and tubing of the cannula. A further 
improvement of the cannula can be made by adapting the 
design to a one piece cannula which would eliminate the 
bonding problem. | 

A one-way valve in the cannula is important. Pekas 
(1965) found in pigs with re-entrant cannulae that during 
intervals Om highwperiStaltic pressures snecherduodenum (ce 
flow of secretions reversed and ingesta passed into the 
panctueds wA oO moncald ty occUmred when ta ulegvasmingectred 
Mitoebhes pancreas svvasthe pancreaticeduch! (handy sil6G)). aie 
thin silicone rubber valve at the re-entrant port of the 


cannula prevented backflow of digesta, butecreated little 
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resistance to fHlowet’< 6 mmipancreatica Juice) - 

The *pertorated@basket ton the draining port of the 
cannula ensured uninterrupted flow without damaging the 
mucosa. The dimensions of the silicone rubber tubing were 
adequate to prevent "ocelusion yet isuffiievent to avord 
Rericaeron. The ®ilow Got pancreatic jUlce "was Continuous seven 
Whem slo S lay ediseguly von Vehe stubimnd, 

Pancreatic secretions were not interrupted by surgery. 
From one pig, 800 ml were collected between 16 and 22 h 
after surgery. This amount compared very favorably to 
Subsequent collections. The secretions were clear, flow was 
a continuous drip and the average PH was 8.4. Volume and 
protein content were consistent from day to day. The rate of 
Secretion of pancreatic juice following each feeding showed 
ar chamacterrvstic protile (Figure 126). Post-=prandial flow 
rates increased within the first 3 h. Maximum volumes were 
secreted within 3-7 h and were followed by a decline during 
the wlact 5 bh. Secretrons Guring 2-7 h were Significantly 
greater than during 8-12 h (P < 0.05). The average daily 
collection was 3.8 + 0.9(18) 1 (mean + SD) which contained 
(4 tet. 518) gq (mean + SD) protein. Dietary treatment had 
ne erfect (P > 0.05) on daily volume or protein content. To 
measure the secretory Contribution by the duodenal pouch, 
two pigs were prepared using the same surgical procedure, 
but the pouches were made from portions of the duodenum on 
either side of the pancreatic duct. Flow from the blind 


pouches appeared to be constant, but volumes did not exceed 
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(CO migeversye h-vHence, less than 0.57 of daily collections 
WEtEeOT Sexi o, Pancheatbic origin. 

Considerable variation has been reported in the 
literature for daily volume and protein content of 
pancreatic juice (Table 1.3). Values observed in the present 
studies for. threespigsaduring theirr growth, from 35 to 50) kg 
fall within the range of values reported in the literature. 
Although a comparison of these reports is confounded by feed 
intake, diet composition, pig weight and subsequent growth 
rates, ene collection of pancreatic juice from a duodenal 


pouch is a promising alternative to direct duct cannulation. 
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TABLE 1.1. Formulation and partial chemical composition of the 
Starter diet. 


Ingredients(% as fed): 


Wheat uae) 
Barley 25.0 
Oat groats 25.0 
Soybean meal L630 
Tallow SiC 
Calcium phosphate bee 
Calcium carbonate ee 
Iodized salt 0:75 
Vitamin-mineral premix' 170. 


Chemical analyses: 


Dry Matter(%) 86m 
Gross Energy(MJ/kg) AG eer 
Ether Extract (%) 5.6 
Crude Protein(%) Wh S 
ASh (ye) Ars 


The premix provided the following per kg of diet: 
(1) minerals - 120 mg zinc, 48 mg manganese, 100 mg 
iron, 10 mg copper, .1 mg selenium; 


(2) vitamins - 7500 IU vitamin A, 700 IU vitamin D;, 


45 IU vitamin E, 12 mg riboflavin, 40 mg niacin, 
25 mg pantothenic acid, 28 ug B;2. 
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TABLE I.2. Formulation and partial chemical composition of the 
high fat, control and protein-free diets. 


Diets: High Fat COncLol Protein Free 
Ingredients(% as fed): 
Cornstarch 33.05 46.05 B20 
Soybean meal 33530 33550 = 
Dextrose 1050:0 TORO ORR TONE! 
Cellulose’ 50/0 00 Sy, Ole) 
Tallow 10.00 22.00 2200 
Calcium phosphate 1.40 1.40 2.40 
Calcium carbonate O70 Oe 7/8) 0.40 
Trace mineralized 
salt? 07.50 O50 Or5.0 
Vitamin-mineral 
premix? 100 12.00 oe 
Methionine 0:05 0-05 = 
Chemical analyses: 
Dry Matter(%) Sey 90.10 90.64 
Gross Energy(MJ/kg) Valle 15269 14.90 
Ether Extract (%) 9.74 io2 1.50 
Crude Protein(%) 14.80 14.47 O30 
Ash(%) 4.97 4.54 sh S310) 


Alphafloce, Brown Company, Berlin, N.H. 


Supplied by Windsor Salt Co.) Toronto, Ontario. 
Composition(percentage): 96.5 NaCl, .40 ZnO, 
NiGEEeCOe, 12. MnO © 0s52, CuO; «007 att... 
~U04>.COO. 


The premix provided the following per kg of diet: 
(1) minerals - 100 mg zinc, 20 mg manganese, 150 mg 
iron, /0"mg. copper, .1 > mgsselenium; 

(Q\*viranins 2 1c00 LU veramin A, 15001U, vitamin Day, 
1) IU vitamin 2, 2 mq menadione, ..! mg biotin, 
soumMqsLoliceacila, 12) mguniacin, . li ingupantorhenc 
acid! si iema, pyre doxine;m2scemg Ci bOflavin,.) 1. 1eing 
thiamine mi evaeBio,) Ob moncholineschlonide:. 
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connector 
(4.8mm X 2.8 mm #304 stainless steel tubing) 


draining and re-entrant arms of cannula 
(3.4 mm X 6.4 mm silicone rubber tubing) 
retaining rings 

(6.4 mm X 9.5 mm silicone rubber tubing) 
rigid washers 

(2.0 mm polyvinyl chloride) 

collars 

(2.0 mm polyvinyl alcohol foam) 


basket 
(6.4 mm X9.5 mm silicone rubber tubing) 


one-way valve 
(0.2 mm silicone rubber sheeting) 
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Figure I. 2. Placement of intestinal clamps 
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Figure I. 3. Anastomosis and duodenal pouch 
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Figure I.5. Placement of pancreatic cannula 
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Figure I.6. Pancreatic secretion following a meal 
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II. EFFECT OF DIET ON PANCREATIC SECRETIONS 


A. Abstract 

Two experiments were conducted to determine the 
relationship between diet composition and pancreatic 
exocrine: Secretion! in’ pigs that  weressurgically prepared for 
COPIecElLOnGOLipancreatie juices Invthe si inst rexperiment, 3 
barrows (35 kg average initial weight) were fitted with 
pancreatic cannulas and used in a randomized complete block 
design. The three pigs were fed one of three 
cornstarch-based diets (HF, high fat - 14% crude protein, 
pO;mcalloweeCeecontrole. UAyRcarude protein, e2i tallow; Pr, 
puotein- trees, 0, crudesproceim,@2% tallow) vaty0e00heand 
2000h5" 0.9 kg each meal, forvasd4-day perirodytor each diet. 
Pancreatic juice was collected on days 9 (0800h to 2000h) 
and 13 (2000h to 0800h) of each test period. Dietary 
treatment had no effect (P > 0.05) on volume or protein 
Conbentel bi pase activaty inereasedgo-tolde(P = {OL 0S) ewith 
the feeding of 10% tallow as compared to 2% tallow included 
in the diets. Trypsin, chymotrypsin and amylase activities 
deereased 2-fo0ld (P)= 0205) )withethe absence Gf dietary 
protein. in the Second experiment ,Pthe .conerot and 
protein-free treatments were repeated with another 3 barrows 
(35 kg average initial weight) fitted with pancreatic 
Cannulas.. Dietary treatment. had noweitects(P =20.05) on 
volume. All four enzyme activities and protein content 


decreased with the absence of dietary protein (P < 0.05). It 
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was concluded that enzyme composition changes in response to 


diet. 


Key Words: CANNULATION, ENZYMES, PANCREAS, SWINE 


B. Introduction 

Pancreatic iSecretions Contribute “to the hydrolysis vot 
dietary proteins, carbohydrates and lipids. The principal 
pancreatic enzymes (trypsin, chymotrypsin, amylase and 
lipase) break these major constituents of the diet down to 
smaller Home meomtnee can be readily absorbed by the small 
intestine. Deficiencies in pancreatic enzymes or intestinal 
enterokinase can lead to malnutrition and growth failure 
(Haworth etal... 9197 i; Tarlow ter aii> 1970).2 In pigs the 
apparent digestibility of nitrogen and energy decreased by 
1209%eand SHiy respectively, Stdays following diversion of 
Dpanereartowjuice (Cormring and =Bourdone1976) Corning and 
Bourdon (1977) found a larger reduction in apparent 
digestibpl rty “of nitrogen “and “energy pinamely 35.6% and 12.1% 
respectively, within 25 days after ligature of the 
pancreatic duct. They reported a compensation 87 days after 
pancreatic duct ligature, but the origin of the compensation 
was unknown and may have been due to the re-establishment of 
the duct with the duodenum. The previous studies point out 
the importance of pancreatic enzymes in digestion. 

Pavlov (1910) proposed that the enzyme composition of 
pancreatic secretions depends on the dietary components of 


the ingested meal. This concept of digestive enzyme 
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adaptation to the diet was questioned by Babkin (1950) who 
stated that pancreatic juice formed in response to various 
meals may vary in concentration, but not in the relative 
amounts of the digestive enzymes. According to Babkin 
(1950), variations in the principal pancreatic enzymes take 
place in a parallel manner so that a rise or fall in any one 
enzyme iS accompanied by a coincident change in each of the 
others. His conclusions may have been invalid since the work 
that supported parallelism was confined to acute 
experiments. 

Guth et a/. (1956) were unable to demonstrate 
adaptation due to the lack of sufficient stimulation with 
the test meal. A fistulated dog was maintained on a standard 
dietwandhyiedvartestemeal oniy on) thetday of collection. ‘In 
contrast, rats fed a high carbohydrate diet or a high 
protein diet for a period of 21 days adapted to the 
predominent constituent of the diet (Grossman et a]. 1943a). 
There was a pronounced increase in amylase on a high 
carbohydrate diet. A high protein diet resulted in a greatly 
increased trypsin content. Gidez (1973) found the level of 
lipase to increase in the rat pancreas when the fat content 
Gfethe "diet was radised from about 5% to 15-22%) Little orewno 
additional increase in lipase levels was obtained by any 
further increase in the amount of dietary fat. The study by 
Gidez (1973) showed that the response to changes in diet to 
be relatively slow. The minimum time period for rats fed a 
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engymes smells ciredsGi1mi lar lyse Corr inogis.9 75)? reper tedvinat 
adaptation? to: therdietein= the Growing pigirequires!’5 to 6 
days. The mechanism for adaptation is unknown. 

Totalocobect rons off pancreatic! juice and hourly 
measurements of volume, protein content and enzyme 
activities between meals for different diets were made to 
quantitate adaptation in the growing pig. A possible 


mechanism for adaptation is discussed. 


C. Materials and Methods 


Experiment 1 

Three Yorkshire X Lacombe barrows (30 kg average 
liveweight) were prepared for collection of pancreatic juice 
with draining and re-entrant cannulas. The procedure 
involved the construction of a duodenal pouch at the 
pancreatic duct and end-to-end anastomosis of the duodenum 
(Chapter I). Following surgery, the pigs were housed 
individually in 0.5 x 1.0 m stainless steel metabolism 
crates and allowed a 2-wk recuperation period. During this 
time, they had free access to an 18% crude protein starter 
diet (Table I.1). Water was supplied ad /Jibitum from a low 
pressure drinking nipple. 

The three barrows (35 kg average initial weight) were 
used in a randomized complete block design and fed three 
experimental diets (Table 1.2) twice daily at 0800h and 


2000h, 900 g each meal, for a 14-day period for each diet. 


vale besxcie4 caren, potz109- *. ri 
gar 2 idifvess dq puiwote! Poe {sib ont. OF. 


Jawoniny 2i nat petenets 4o1 meinedosm 4 


< 7 : : _ 
yisuod bis spivt Sikaroaedeao enor iseftoo er — 


’ <> = We 9 
amvsns bie tdstnos ateterg \simley Te sonemsTuasem 


=} shen stew etstb {M9 741975 420? 2a59n 9 Wad soitiwtios 


iw —_ 


stdieaoq A spta en-woIR ea A? (qo, 4A2Gas »tetianeup 


.bseencer6 tin aoia Se fg65 107 mai medio am 


| 


chouteM ‘One aletwertsD 


9i7aatoneg 2orndstoo1 fo2 7% e976ensaqg £1359 ( 3p towel ue 
syubssosq HiT p asloangsccestre 27 O88 piiniod dotw 
sia 46 daueq lansheub « ico toriourczeno>- ene bovlo ni 
shovf sho to gscomes zeoe ofc-os- bhp bre: 25m bo oeeee neq 


j2Ued stehcaptd lads) yyebave pntesedot . fT sot qed. 


mifodacem fees2 paetTassse Talal & Ge Ve vt seul vibni 


Bidgoonizned, .bofied Nelitsiscuost AW-s bewolls Bigs 533 


edteie NeSIOI sGyIDIF5' os of e#eDa6 4e74. Ber ase: 5 via 


wot e moyztomlAtl bs-bellaeun cen taiew «()'s1 sath a rE 


~ 


slgqzis pwianige oa 
319 ae hat digs —. oat 22). ewonyad paatiny AT 


asin os} Bas nphasb ana sab hgnos aan ime 


hae. a0! a6) ries 69? end (s. 


rit nie Pe ee sia 


_ 


a2 


The diets were formulated to meet or exceed National Academy 
of Sciences-National Research Council (NAS-NRC 1979) 
recommended levels of nutrient requirements, with the 
exception of protein in the protein-free diet. Dextrose was 
included at a level of 10% to potentially improve 
palatability: Analyses "for protein (Nex 6225), dry matter, 
ash, ether extract and energy content were carried out 
according to the Association of Analytical Chemists (AOAC 
1975) methods. The average liveweight of the pigs during 


this experiment was 42 kg. 


Experiment 2 

The control and protein-free treatments were repeated 
with 3 barrows (35 kg average initial weight) fitted with 
pancreatic cannulas and housed individually in metabolism 
crates. A randomized complete block design was used. Pigs 
were fed twice daily at 0800h and 2000h, 900 g each meal, 
for a 14-day period for each diet. The average liveweight of 


the pigs during this experiment was 38 kg. 


Collection of pancreatic juice 

Pancreatic juice was collected on days 9 (0800h to 
2000h) tang l13e(2000ntto 0800himcleedchttestaperzod sroreboth 
experiments. “The volume or pancreatic rguicescollected Lor 
each hour was measured and 10 ml were subsampled and stored 
Abo Cmronvanal ySisncteproteinecontent andract ivi tiessot 


four digestive enzymes (trypsin, chymotrypsin, amylase and 
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lipase). Pancreatic juice was reintroduced by gravity flow 


after subsampling at the end of each hourly collection. 


Analytical procedures 

Analyses were initiated immediately after the 
completion of each 12 h collection and transport of samples 
to the laboratory. Protein was determined by the method of 
Lowry et al]. (1951) using bovine serum albumin (BSA) as a 
Standard. The activities of trypsin, chymotrypsin, amylase 
and lipase were measured according to methods described by 
Bergmeyer (1974). A Gilforde 2600 recording 
spectrophotometer was used to meaSure the extinction 
changes. Chemicals were purchased from Sigma Chemical Co., 
StealouisP~AaMrssourix: 
Trypsin and chymotrypsin. Pancreatic juice was diluted 
iMO=foldmwithta joutter solutirons(5 5° C) @and®the iproteclytic 
enzymes were activated with an equal amount of a saturated 
solution of enterokinase (enteropeptidase; EC 3.4.21.9). The 
buffer solution (Glazer and Steer 1977) contained 100 ug/ml 
of BSA, 50 mM CaCl,, and 50 mM Tris-HCl. The enterokinase 
solution was made by dissolving 1 g enterokinase in 100 ml 
dustilledgand devonrzed waters (572C),ecentrifugingethe 
solutroneatet6,3000 forez0 iminutes ate5 “C™and®decanting the 
Supernatant for immediate use. The enterokinase (5 units/mg) 
was isolated from porcine “intestine as a partially purified 
salt-free lyophilized powder containing approximately 65% 
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Were INncubatedarCneond ateo .C for trypsinogem activation 
and for “3 hvate5 ~C tor chymotrypsinogen activation. These 
incubation periods were found to be optimal under these and 
Similar conditions described by Gorrill and Thomas (1967) 
using bovine pancreatic juice. Trypsin activity was measured 
auez5e-Ctand pHa8sieusing a-N-toluene-p-sulphony]-b-araginine 
methyl ester (TAME) as substrate. Chymotrypsin activity was 
measured at 25 °C and pH 7.8 using N-benzoyl-L-tyrosine 
ethyl ester (BTEE) as substrate. 

Amylase. Pancreatic juice was diluted 200-fold with saline 
(5 °C). Amylase activity was measured at 25 °C and PH 6.9 
USingeassolutivonsof ssotuble potato starcha(improvedsiantner 
method) as substrate. 

Lipase. Pancreatic juice was diluted 2500-fold with 
distilled and deionized water (5 °C). Lipase activity was 
measured at 30 °C and pH 8.5 using a gum arabic stabilized 


emulsion of triolein (olive oil suspension) as substrate. 


Statistical analysis 

One unit of enzyme activity was defined as the 
hydrolysis of 1 umol substrate in 1 min under optimal 
conditions. Enzyme activities were reported for each hour of 
Collection AS UNnDtTS Of vackivity/ml xemitpancreatics juice 
Secreted7h., eThe total varuesnduring: i2ehvcollectaontares the 
sum of hourly measurements. Analysis of variance procedures 
were used to detect significant differences in the data and 


means were compared by Student-Neuman-Keuls' multiple range 
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test (SteelhandeTorrie: 1980.) . 


D. Results 

In both experiments, a trend (P < 0.05) for increased 
volume, protein and all four enzyme activities after feeding 
was observed (Tablesula.4—3)5 1125 anded l-6iee Following an 
initial increase in volume, protein and enzyme activity 
within the first 3-4 h after feeding, all parameters 
decreased to basal levels within 4 h prior to the next 
feeding. The only exception to this trend was the activity 
Gffdapeses from pigs’ fed. theehighvfat diets (Table v11.1). In 
this case, lipase did not show the same rapid increase in 
activity after feeding buts increased: within? thesfirst: 6-7 0h 
following introduction of the meal. This latent period of 
induction may have been due to the retention of fat in the 
Stomach and itS passage into the duodenum at a later time. 

In Experiment 1 (Table 11.4), dietary treatment had no 
effect (P > 0.05) on daily volume or protein content. Lipase 
activity increased 6-fold (P < 0.05) with the feeding of 10% 
tallow as compared to 2% tallow included in the diets. 
Trypsin ;echymotrypsan andeamylase activatiessedecreased 
2-fold (P < 0.05) with the absence of dietary protein. In 
Experiment 2 (Table 11.7), dietary treatment had no effect 
(P > 0.05) on daily volume. All four enzyme activities and 
protein content decreased with the absence of dietary 


Prove imtrin On 05)2 


paileie ance salads 6r6 
n@ Snidel fot .(a-TTvans ¢. tt fo) est aside) | 
gaividsetomysns bas iouks. aestor nl seegoond, 
eradsmaied ifs. woaibabal yatae d= ¢ santi 4 

gxan sia-of rotsgid' nid fiw ea i fepad och aon) 
ytivigoe edd esw bret 2rd on pcan ¥bao sft 
vl .00. 1 i. etde?). garth gar tp fd ear 66° syaty nob 
ai asesrsnd Bigs: sus2 ety volte Foor bin saaget .2e83 ehd2 7 


4 Toa deird edd Qitiriw Bedasical iud poibse? Torte yrividos 

to Botvsq togist (ait ies on is aoltsdhorsrin onivoties | 
eid nf 252 joprod sneer ptt ics. sub ised oved Qém ac izowbat 
Jenid is¢el se 36 menshous be omni apeseca edt bas commode) 
an Bat orencees 3 kano aif Jobo tt sldet) 1) fash inegnd na) ae 


sebqgid .iesnes) aisdorg- 10 Bi) sueviieh an -Rtg < &) toslie 
.y 


de 


YO! Yo patbest siz tiiw (0, > > Ghoa-e heesermnye yiivkipe 


jagetb> ado “l:bebuiori wolis: £8 of boaveqnes. 46 voliag | 

badeowoeh asctivitur sealyms SAE niegeisomyNS baquat 7 
Al vnbetsua ¢xé6teth to. sonezds ‘adacitsiw (80.0, a) ofeirs. 
(aaave on bat dnemiageri-yoaiecs) (T.it elidel) & roembaagesl | - 
Sac avisivisoaiomysns sal Ifa -saulov yitet-no (20.0680 


Yeetalb to.aoneeds aii Shiw berasaaeb gasigoo niede7q : 
(40.5 > @), niesoag™ 


36 


In both experiments, no significant differences (P > 
0.05) were found between collections made during the day or 


nighte(TableswhiaS@and Pred). 


E. Discussion 

The success with draining pancreatic secretions through 
a duodenal pouch has provided an alternative to cannulation 
olethe ypancueabierductain therqrowing: pige’ The susecot va 
duodenal pouch prevented damage to pancreatic tissue and 
ior ta Tone eonthempanceeatac -ductethar could ocecunmwarnh 
direct duct cannulation. The flow of secretions was 
continuous from the pouch and the contribution to pancreatic 
Secretions by the pouch has been shown to be less than 0.5% 
(Chapter I). 

It was thought that enterokinase from the mucosa of the 
duodenal pouch would activate trypsinogen to trypsin. In 
other preparations, the pouch was flushed with saline and 2 
ml of Trasylole (proteinase inactivator, 10,000 KIU/ml, FBA 
Pharmaceuticals Ltd., Pointe Claire, Quebec), a trypsin 
inhibitor, at the end of Surgery into the duodenal pouch to 
prevent autodigestion. The use of Trasylol® was found to be 
unnecessary, Since no measureable amount of active trypsin 
was found in the secretions collected with or without the 
use Ofsvthe unhibitor The practice of flushingethe pouch 
with saline to remove bile and free enterokinase prevented 


autodigestion without the use of inhibition. 
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Enterokinase has been described as a brush border 
enzyme bound to the surface of the villous epithelial cells 
of the duodenum and released by cell desquamation (Nordstrém 
and Dahlqvist 1970). Hadorn et a/. (1971) found that free 
enterokinase activity increased 10-fold with the addition of 
bile salts to the supernatant of brush border suspensions 
from the rat intestine. Barns and Elmslie (1977) contend 
that porcine enterokinase is released or solubilized by the 
combined action of bile salts and proteolytic enzymes. 
Porcine enterokinase is readily solubilized by sodium 
deoxycholate, butenet by trypsin “or ichymotrypsin (iLouvard ef 
al. 1973). The solubilization of enterokinase by a detergent 
may be necessary to enable the enzyme to activate trypsin 
and begin proteolytic digestion. This explains the lack of 
active trypsin in secretions collected from the duodenal 
pouch and confers the importance of the one-way valve in 
preventing backflow of digesta and bile into the pouch. 

The luminal contents of the pouch have been washed out 
by flushing it with saline. This has removed bile and free 
enterokinase. Although Dragstedt et a]. (1930) collected 
pancreatic juice containing active trypsin from a duodenal 
pouch im the dog, they isolated a largerm proportion of 
duodenum Srdid’ not altiow the returm of ancredainc quice) fo 
the remaining duodenum and did not wash out the pouch. Their 
preparation. Utilizedma (single) fushula. Perhaps ihe remaining 
bile and enterokinase were sufficient to activate 


tnypsinogen within the time cfivcollection. 
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Traces of an insoluble white precipitate have been 
found in the secretions collected in this study. Upon 
microscopic examination of the precipitate in slide smears, 
uniform particles ( 1-2 u diameter) stained purple with 
Leishman stain were observed. No white blood cells were 
located, but bacteria were present. Evidence of desquamated 
intestinal or pancreatic cells along with insoluble mucin 
were noted in the remnant mosaic patterns found in the slide 
smears. The particles have not yet been identified. 

Enzyme activities were expressed as international units 
over a given time period (1h). This expression of total 
activity allows for summation to obtain between-meal or 
chronological measurements thereby making it possible to 
quantitate pancreatic enzyme activities. Volume, protein 
content and total enzyme activity can also be expressed on a 
daily basis, in this study, since no differences were found 
between collections made during the day or night (Tables 
Me Otands is o)ay The expressions of! volume,” protein content 
and enzyme activity over a given time period can demonstrate 
not just the quality of pancreatic secretions, but the 
quantity as well. 

The pancreatic enzyme activities measured here on 
adaptation are comparable to those reported by Corring and 
Saucier (1972) and Corring (1975). These workers collected 
pancreatic juice from growing pigs using direct duct 
cannulation. They showed that when the level of dietary 
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specific activity of proteolytic enzymes, amylase and lipase 
increased or decreased in a direct relationship. Currently, 
adaptation was demonstrated using a duodenal pouch and 
expressing total activity of pancreatic enzymes in response 
toeawnea Leonean, hourlyebasiss(Tablesorigi-liec,ell.5 and 
lanes 

Corrangmand@Saucwer GuS72)etound ae2.5-foldvincrease in 
chymotrypsin activity when pigs were fed a diet with 0% 
protein and 81% starch adapted to a diet with 30% protein 
and 41.5% starch. Daily feed intake was approximately 1.0 
kg. Trypsin activity increased by 33%. Amylase activity 
increased by 56%. In Experiment 1 and 2 (Tables I1.4 and 
Die?) DVoSseted’thescontrolsdiet (14% protein, 46% starch) 
as compared to the protein-free diet (0% protein, 79% 
starch) showed a 2-fold and 3-fold increase in chymotrypsin 
activity. Trypsin activity increased 2-fold in Experiment 1 
and 3.5-fold in Experiment 2. Amylase activity increased by 
88% in Experiment 1 and 156% in Experiment 2. 

Corring (1975) reported a 7-fold increase in lipase 
activity and a 25% decrease in amylase activity when pigs 
that were fed a diet containing 3% oil and 60% starch were 
fed a diet containing 21% 011 and 20% starch. Feed intake 
was approximately 0.9 kg. Similarly in Experiment 1 (Table 
fie4uee pigs) tedetheshigh Pattdier (i07,etallow, es ex%astarch) 
ase compared’ foo the®control diet (2% tallow, 46%) starch) 
showed a 6-fold increase in lipase activity, but no 


Significant difference (P > 0.05) in amylase activity. 
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With the exception of amylase activity, values reported 
for enzyme activities fall within the range reported in the 
literature for growing pigs (Corring 1980, Zebrowska et al. 
LOS byePartridgesel tai 41982) 8Altheugh the tincrease instotal 
activity of the other enzymes could be attributed to an 
increase in feed intake and the subsequent increase in 
secretion, the lower amylase activity could not be 
explained. 

The control of pancreatic secretion has been divided 
into three phases: a cephalic phase under nervous control, a 
gastric phase under nervous and hormonal control, and an 
intestinal phase under hormonal control. Pavlov (1910) 
proved the existence of a psychic influence on the secretion 
rate by the pancreas in dogs. Stimulation of the thoracic 
vagus nerves in pigs under anaesthesia caused a profuse flow 
of pancreatic jwice containing high concentrations of 
amylase and bicarbonate (Hickson 1963). Preshaw ef al. 
(1965) have shown that gastrin and hydrochloric acid (HCl), 
released by acetylcholine from the pyloric gland area, 
stimulates the protein and bicarbonate output by the 
pancreas. Secretin isolated from duodenal mucosa responds to 
stomach acid and causes the release of water and 
electrolytes, but has relatively little effect on the 
secretion of enzymes and proteins (Wang and Grossman 1951). 
These results suggest a mechanism for the cephalic phase. A 
neural impulse caused by sensatory or conditioned stimuli 


travels along the vagus nerve and causes gastrin, HCl and 
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secretin to be released which stimulates pancreatic 
secretion. In the present study, pigs were conditioned to 
meal-feeding. The increase in volume, protein content and 
enzyme activities Gn ivExperiment GesGTables®i! .1-=1123)'and 
Experiment 2 (Tables I1.5 and II.6) immediately after 
introducing the meal may be due to a cephalic phase. 

A vago-vagal reflex has been proposed as the mechanism 
for the gastric phase of pancreatic secretion. Gastric 
distension has been shown to increase volume and protein 
output from the pancreas of dog and man (White et aj. 1960). 
The action was blocked by vagotomy, atropine or procaine 
tmtadicrationnormchervadi unothe neck, Dnwaddi tion; extracts 
of antral mucosa have produced a humorally mediated increase 
in pancreatic enzyme secretion (Blair et a]. 1961). 

In studies of the intestinal phase of pancreatic 
secretion, Harper and Raper (1943) isolated a hormone, 
pancreozymin, from the duodenal mucosa that stimulated the 
production of pancreatic enzymes. They determined that 
pancreozyminveacted directly uponethe cells of thes pancreas 
to stimulate enzyme production in a parallel manner. 
Occasionally their preparations of pancreozymin showed very 
Slight wecretim activity, sbuLethesmajorityenadinoseirect on 
the rate sofutlow of the juice. 

The release of pancreozymin from the duodenal mucosa 
and the increase in the secretion of pancreatic enzymes is 
dependent on the presence of digestion products (Wang and 


Grossman 1951). In studies using dogs with chronic gastric 
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andwpanereatireifistulas; the perfusion of a variety of fat 
and protein digestion products into the small intestine have 
been shown to stimulate pancreatic secretion (Meyer and 
Jones 1974, Meyer et al. 1976a, Meyer et al]. 1976b, Meyer 
and Kelly 1976). The perfusion of amino acids, glucose or 
fatty acids into the duodenum of 45 people caused an 
increase in pancreatic enzyme output (Go et a]. 1970). In 
particular, the enzyme output due to the essential amino 
acids was significantly higher (P < 0.05) than that evoked 
by the fatty acids, anaes Or nonessential amino acids. 
Similarly, pigs fed the protein-free diet decreased 
pancreatic enzyme output according to adaptation in 
Experiment 1 (Table 11.4) and parallelism in Experiment 2 
(Table I1.7). Pigs in Experiment 2 were of a lighter weight 
(38 kg) than pigs in Experiment 1 (46 kg) and may have been 
more senSitive to the lack of dietary protein. As a result, 
pigs in Experiment 2 reduced the loss of endogenous protein 
by depressing all four enzyme activities. The absence of 
protein or amino acids in the diet appears to have a 
Significant effect on pancreatic secretions ina parallel 
manner. In contrast, dietary fat had a dramatic effect on 
lipase activity in an adaptive fashion (Table I1.4). 

Grossman et al. (19436) hypothesized that the 
hydrolyzed form of a feedstuff may determine the enzyme 
composition of pancreatic secretion and that this may occur 
by a hormonal or humoral mechanism. Ben Abdeljlil and 


Desnuelle (1964) showed that levels of pancreatic amylase in 
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rats. Lediavdiver contaiming 75%°qlucose were! Simi larvto: those 
IMeratsviiedral Gdietecontaining 75% starch... They concluded 
thatethe product ofvhydrolysis, glucose, and the resulting 
elevation of plasma glucose concentrations brought about 
increased amylase biosynthesis. Lavau et a]. (1974) provided 
evidence for a humoral mechanism for lipase and amylase 
induction by subjecting rats’ to intravenous glucose, lipid 
and amino acids. Lipase activity increased with the infusion 
of lipid and amylase activity increased with the infusion of 
glucose. Since infused amino acids did not affect pancreatic 
enzyme composition, they concluded that protease induction 
may require the release of duodenal hormones rather than an 
increase of the blood amino acid pool. 

Corring (1977) has suggested that for each intestinal 
pool oLwhydrolysivs produces: vaminosachds;eqilumcose or fatty 
acids, there is a corresponding duodenal factor acting 
specifically on the biosynthesis of proteolytic enzymes, 
amylase or lipase. Morrisset and Dunnigan (1967) have shown 
that nervous control is not involved in adaptation and 
proposed that pancreozymin may exist in different forms 
specific for the stimulation of proteolytic enzymes, amylase 
or lipase synthesis and release. Since their proposal, 
additional polypeptides acting on pancreatic secretion have 
been found in the intestinal mucosa. Vasoactive intestinal 
polypeptide stimulates electrolyte and water secretion with 
an apparent efficiency of 5-10% that of secretin (Said and 


Mutt 1972). Adelson and Ehrlich (1972) have reported two 
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factors from porcine duodenal mucosa which release amylase 
from pancreatic zymogen granules jin vitro. Adelson and 
Rothman (1974) isolated a peptide, chymodenin, from porcine 
duodenum which, on injection into rats, caused a specific 
release in chymotrypSinogen secretion by the pancreas. 
Duodenal factors are also suggested in the adaptation of 
amylase and trypsinogen to the diet by Dick and Felber 
(975) 

In the present study, the adaptive capability of the 
pancreas appeared to be dependent on the inclusion of 
protein in the diet. Parallelism was followed by adaptation 
once a requirement for protein was met. The lack of 
adaptation by amylase may be due to a Saturation effect as 
demonstrated by Gidez (1973). 

Adaptation 1S a means to reduce endogenous protein loss 
and possibly to optimize total digestibilities by matching 
enzyme activity to substrate. The saturation effect could 
control the rate of hydrolysis and ensure that absorption 
kine mes ewene poptimalwefior iallbthyduolysius products -ebt ‘the 
rate of hydrolysis was a limiting factor, adaptation could 
also increase energy stores when substrates are in excess of 
maintenance and growth requirements by ensuring their 


breakdown for absorption. 
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III. EFFECT OF FEEDING ON PANCREATIC SECRETIONS 


A. Abstract 

The influence of feeding on enzyme secretion by the 
pancreas was determined in growing pigs. Four barrows (35 kg 
average initial weight) were fitted with pancreatic cannulas 
and used in a randomized complete block design. The four 
pigs (46 kg average liveweight) were fed a 16% crude protein 
grower diet in 1 meal (1.8 kg at 0800h), in 3 meals (0.6 kg 
at 0800h, 1600h and 2400h) and in 2 meals (0.9 kg at 0800h 
and 2000h) for a period of 2 weeks for each treatment. 
Pancreatic juice was collected during 24 h on days 9 and 13 
of each test period. Hourly volume, protein and activities 
of four enzymes (trypsin, chymotrypsin, amylase and lipase) 
were measured. Volume, protein and all four enzyme 
activities usually increased (P < 0.05) after feeding. Daily 
volume increased (P < 0.01) by 0.5 1 with each additional 
meal. Frequency of feeding had no effect (P > 0.01) on 
protein secretion and proteolytic enzyme activities. Amylase 
activity increased 2-fold (P < 0.01) with each additional 
meal. Lipase activity was higher (P < 0.01) when pigs were 
feds ieneal per day ras "compared sto 2 mealseper tday <1 Freeding 
Stimulated pancreatic secretion and frequency of feeding 
increased daily volume and amylase activity. 
Key Words: CANNULATION, FEEDING FREQUENCY, PANCREATIC 
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Bea nr enoeduct von 

Dne@secretion Ol pancréaticnguice @srcontLinucus ane the 
Growimmowpigaikvasnitskii 1957, Pékas 1965, Corring ef a]. 
(oa eeariategerOourc i052) cCormnguetead)..) (Gl0y72) reported 
that the consumption of a meal increased both volume and 
protein output with a maximum being reached 2 to 3h after 
feeding. In contrast, Partridge et a/. (1982) were unable to 
demonstrate an increase in pancreatic secretion after 
feeding. In further studies, Low (1982) found that the 
Dattern@orehnounrlyractivivty of trypsineand chymotrypsin 
measured in duodenal contents indicated a response to 
feeding and demonstrated continuous activity during 24 h. 

Inpthe presentrstudy, totals daily collections of 
pancreatic juice and hourly measurements of volume, protein 
content and enzyme activities were made to quantitate 
Pancreatic secretion by the growing pig in response to 


feeding and frequency of feeding. 


C. Materials and Methods 

Four Yorkshire X Lacombe barrows (30 kg average 
liveweight) were prepared for collection of pancreatic juice 
with draining and re-entrant cannulas. The procedure 
involved the construction of a duodenal pouch at the 
pancreatic duct and end-to-end anastomosis of the duodenum 
(Chapter I). Following surgery, the pigs were individually 
housed in 0.5 x 1.0 m stainless steel metabolism crates and 


allowed a 2-wk recuperation period. During this time, they 
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had free access to a 16% crude protein grower diet (Table 
III.1). Water was supplied ad Jibitum from a low pressure 
drinking nipple. 

The four barrows (35 kg average initial weight) were 
used in a randomized complete block design. This design was 
used to avoid cephalic stimulation of pancreatic secretion 
Since experimental animals were fed and housed in the same 
barn. Pigs were fed a grower diet in 1 meal (1.8 kg at 
0800h), in 3 meals (0.6 kg at O0800h, 1600h and 2400h) and in 
2 meals (0.9 kg at 0800h and 2000h) for a period of 2 weeks 
for each treatment. The grower diet was formulated to meet 
or exceed National Academy of Sciences-National Research 
Council (NAS-NRC 1979) recommended levels of nutrient 
requirements. Analyses for protein (N x 6.25), dry matter, 
ash, ether extract and energy content were carried out 
according to the Association of Analytical Chemists (AOAC 
1975) methods. The average liveweight of the pigs during 
this trials wase46e kop 

To measure basal levels of secretion, two pigs that had 
been fed 2 meals per day were starved for 36 h on days 4 and 
8 following the experiment and pancreatic juice was 


eoliected) during the last 24 heofethis s60h fasts 


Collection of pancreatic juice 
Pancreatic juice was collected during 24 h on days 9 
and 13 of each experimental period and on days 4 and 8 


following the experiment. The volume of pancreatic juice was 
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measured each hour and 10 ml were subsampled and stored at 5 
"Cformanalysis of protein contenteandmactivities oferour 
digestive enzymes (trypsin, chymotrypsin, amylase and 
lipase). Pancreatic juice was reintroduced by gravity flow 


after subsamplingwatethe endvofveach hourly collection. 


Analytical procedures 

Analyses were initiated immediately following the 
completion of each 24 h collection and transport of samples 
to the laboratory. Protein was determined by the method of 
Lowry et al]. (1951) using bovine serum albumin (BSA) as a 
Standard. Enzyme assays were conducted as reported in 
Chapter II. A Gilforde 2600 recording spectrophotometer was 
used to measure the extinction changes. Chemicals were 


purchased Promesrgmagéhemicall Co.) cSt. ghouls; Missouni: 


Statistical analysis 

One unit of enzyme activity was defined as the 
hydrolysis of 1 umol substrate in 1 min under optimal 
conditions. Enzyme activities were reported for each hour of 
collection as units of activity/ml x ml pancreatic juice 
secreted/h. The total values for daily, between-meal, 
post eprandialbyand pre=prandial "collection fare wehemsum rot 
hourly measurements. Analysis of variance procedures were 
used to detect significant differences in the data and means 
were compared by Student-Neuman-Keuls' multiple range test 
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D. Results 


The effect of feeding frequency on hourly volume, 
protein and enzyme activities are shown in Figures III.1-6 
and Tables #111 72344 With Jonce-a=dayteeding ms ithe irate of 
secretion remained relatively stable during the 24 h 
collection whereas protein and the level of activity of all 
four enzymes increased with the introduction of the meal 
followed by a decrease to basal levels. Characteristic 
repeating patterns were obtained when the animals were fed 2 
or 3 times each day. Volume, protein and enzyme activity 
showed a steady decline to basal levels until the next 
feeding time. 

In general, post-prandial measurements were found to be 
greater (P < 0.05) than pre-prandial measurements (Tables 
PoRe5S 7). "Procein' content and ‘anylase activity increased (P 
< 0.05) after the meal when pigs were fed 1 meal per day 
whereas volume, trypsin, chymotrypsin and lipase activity 
did not show this trend (Table I11.5). In contrast when pigs 
were fed 2 or 3 meals per day, volume, protein and all four 
enzymes increased (P < 0.05) after the meal except for 
bipase activity from pigs ted twice -a-day “(Tables 11176 and 
iio) ee ele iS (Or -InGerest IO Mote that “lipase act va by 
Micuedsedyust prior to the last feeding On sthe day om pigs 
fed 3 Mmealsiper day (Ragurer iil 26). INo signiftivcant 
differences (P > 0.05) were found in between-meal 
measurements (Tables III.8 and III.9). Daily volume tended 


fo increase (P < 0.01) by 0.5 LP with edch additional meal 
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(Table II1I.10). Frequency of feeding had no effect (P > 
0.01) on protein secretion and proteolytic enzyme 
activities. Amylase activity increased 2-fold (P < 0.01) 
with each additional meal. Lipase activity was higher (P < 
0.01) when pigs were fed 1 meal per day as compared to 2 
meals per day. 

To measure the basal levels of secretion, two pigs that 
had been fed 2 meals per day were starved for 36 h on days 4 
and 8 following the experiment (Table III.11). Pancreatic 
secretions increased to 88% of the volume that one would 
have expected if animals had been fed. Concurrently, protein 
content increased to 81%, trypsin activity increased to 70%, 
chymotrypsin activity increased to 86%, amylase activity 
increased to 61% and lipase activity increased to 72% of 
expected norms. Following this initial increase at 12-13 h 
after the last meal, volume, protein and all four enzyme 
activities rapidly declined to basal levels as shown by the 
low level of average hourly secretion for the following 12 h 
(PableslLi.i1). Pancreatic’ Secretrons dia not increase (P < 
0.05) at the folllowing expected meal-time and remained at 


basal levels. 


E. Discussion 

The control of pancreatic secretion is divided into 
@ephalie, gastric and intestinal phases. The major part of 
the response by the pancreas during digestion is dependent 


on the passage of acid and digestion products of protein and 
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fat along the small intestine (Harper 1972). 

It.is of anterest to note that when pigs were 
intentionally not fed at their regular meal time pancreatic 
secretions increased in anticipation of feeding and quickly 
decreased to basal levels until the next feeding. By 
conditioning the pigs to meal-feeding, it appears that the 
cephalic phase may be primarily responsible for the rapid 
increase in the secretion of pancreatic juice immediately 
after feeding and that the gastric phase is masked by the 
effects of the cephalic phase. The intestinal phase may be 
seen in the gradual decrease in pancreatic secretions after 
feeding and appears to be responsible for initiating the 
synthesis and release of pancreatic enzymes as seen in 
adaptation to the diet. 

Pigs fed 3 meals per day secreted more amylase whereas 
pigs fed 1 meal per day secreted more lipase when compared 
to pigs fed 2 meals per day. It appears that pigs fed 2 
meals per day may have secreted a more balanced enzyme 
complement. 

Many scientists have investigated the influence of 
frequency of feeding on weight gain and feed conversion 
efficiency in pigs. Pshenichny (1958) compared feeding 
twice, 3 times and 4 times daily and found that feeding sows 
twicemcdaltye results ins moreseliicienteusesom the teed: 
Barber et a]. (1961) found no significant differences 
between pigs fed once or twice per day. Cromwell et al. 


(1965) reported that pigs fed two times daily gained 
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Siqnniicantly fastermthan proasifed oncerdailyeby 7%. 
Passback, Jr. ef als (1968) found that pigs fed twice per 
day were more efficient than pigs fed once per day by 14%. 
In contrast, growth rate and feed efficiency were better in 
pigs fed once a day than in those fed twice a day by 4 and 
3% respectively (Van Kempen et a]. 1979). Lu and Ma (1981) 
showed that total weight gain and feed conversion efficiency 
in pigs fed twice daily were higher than for pigs fed once 
or three times daily. Although controlled feeding systems 
are more labor intenSive, pigs tested present better 
performance fed two times a day when compared to ad /ibitum 
feeding (Ludwig ef a]. 1981). The costs per kg gain were 
found to be.lower for pigs fed two meals per day when 
compared to pigs fed one or three meals per day (Caleffi and 
Broceatolim 1961))7 

Feeding pigs two meals per day may be optimal for 
performance. The continuous secretion of pancreatic juice by 
pigs fed 1 meal per day and excessive stimulation of 
pancreatic secretion from pigs fed 3 meals per day may be 
wasteful. As Snook (1968) suggested, a large meal may cause 
digestive tract loading, whereas ad ]ibitum feeding would 
lead to more frequent pancreatic Stimulation. The rate of 
food passage should also be taken into consideration since 
it increases with the frequency of feeding (Cromwell et al]. 
1965) and may be important in the rate of hydrolysis and 
SabSOrpeion kinetics  cUnnimoghame() 9/1) reported thacethe 
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plomoccursm@seto 6G h alter feeding. These factors could 
contribute to better assimilation of the diet and feeding 2 


meals per day may be best. 
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TABLE III.1. Formulation and partial chemical composition of the 
grower diet. 


Ingredients(% as fed): 


Wheat Biles 
Barley S050 
Soybean meal 0 
Calcium phosphate eee) 
Calcium carbonate Te 
Iodized salt O35 
Vitamin-mineral premix’ 1.0 


Chemical analyses: 


Dry Matter(%) 89.0 
Gross Energy (MJ/kg) i) Shere 
Ether Extract (% 1.4 
Crude Protein(%) (Ney cts) 
Ash(%) Sy) 


The premix provided the following per kg of diet: 
(j) minerals = 120 mor zinc, 46 mg manganese, 100 mg 
irom, 10 mg copper, .1> mg selenium; 

(2) vitamins =) 7500 1U vitamin A, 700° RU VvVatamin, D,, 
A5elUvvatanin oo ale me nm Dot lay ime Uema ent aci ne. 
mg pantothenic acid, 28 ug B,:2. 
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Figure III.5. Amylase activity of hourly pancreatic 
ions from feeding one, two or 
three times a day. 
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GENERAL SUMMARY AND CONCLUSIONS 

The pig is an excellent model for the study of 
pancreatic secretions. The pancreas of the pig was found 
tO be a distinct, bilobed structure with a single, 
functional duct that entered the duodenum directly. 
Total collection of pancreatic juice could be made by 
the use of direct duct cannulation or the formation of a 
duodenal pouch at the pancreatic duct and cannulation of 
the pouch. The latter was chosen in this study to 
prevent damage to pancreatic tissue and irritation to 
the pancreatic duct. Cannulation of a duodenal pouch 
gave permanent access to total pancreatic secretions and 
was determined to be a promising alternative to direct 
duct cannulation. 

The secretion of pancreatic juice was shown to be 
continuous, to adapt in response to diet composition and 
to increase in response to feeding and frequency of 
feeding. Pancreatic secretions were not interrupted by 
surgery. Volume, protein content and enzyme activities 
were consistent from day to day subject to the 
experimental conditions. 

The daily volume and proteolytic enzyme activities 
of pancreatic juice secreted was dependent on the type 
Of tdietefed. Page fed ‘aypartially-puritied control diet 
in Experiment 1 secreted approximately 4.0 1 which 
contained 15.1 9 protein whereas pigs fed a cereal-based 


diet in Experiment 3 secreted approximately 6.5 1 which 


86 


- au i - 
: 
i 20 : : 
a oe ee 
a4 Bu ‘ oe aft af ) ¥F 


ss 


i0 ian ads 10% il 
nua 260,06 od Ao eaa13hay¢ <a? 
slonin. @ tate 34 weer a oti aaah ae ‘ 
; 7 a 
-f45a xt sunek rte Satasae t547 94 ant came wa 
shen sai. fo huGs @3% 7 ; te ie | ze ao h¥ae flop > Laser” 7 


acy cage’ ste netselonass dour 13572036 eay of2 


‘y 


» tj we th0b sttes3o4£o 34. 28 age¢ :anabous 
; 7. 
e+ vhute elds of astods*eer salts: ent soa ond . 
53 opivatiati) Bae staa69 .ole een oreo os seams *neve3g~ 
bout noiredenasd. scum 2) seegerag ott 
4 39 16% y [s903 O27 @Ges2nG CNSstarteg ovap 
ptt anveo1ls eai? mag ANG Ss San EeTa re zou 
aisélganas youll - 
. | , . 
“ a6 ip SEve52906G if TeOc lesser 205 
le a 4 - ad s SU0U ng 2noo 
- 
+3 “ “ene ruesa@ees dt szepisat oF - 
4 i " - « - =e 6 } @ 
« 4 75 \) > +i 2) ~~ = - +76 -“cAas -padibeed 


asnom nisdoie” sem ler .ep ie 


ve 
‘se du? 762 at “Vel metlt rasa sEenes S798 | 


Ara a we ea Tae |S oyee 
ij 


ai eee va ™% yeti 7 ' i ah mia “a cats ent 


assy ait , $Pebisges gev bedesse¢ ssiyt sbteasoneg ie 


ele) Ot", i Ji, @ . 


87 


contained 15.6 g protein. A reversal in trypsin and 
chymotrypsin activity was found between the two 
experiments. Trypsin activity was higher and 
chymotrypsin activity was lower with pigs fed the 
partially-purified diets as compared to pigs fed the 
cereal-based diet. This may be due to the differences in 
the"sources “of “dietary protein. 

The complement of pancreatic enzymes secreted 
appeared to be dependent on the composition of the diet. 
Lipase showed a 6-fold (P < 0.05) increase in activity 
with the feeding of 10% tallow as compared to 2% tallow 
in the diets (Experiment 1). Proteolytic activity 
decreased 2-fold (P < 0.05) with the absence of dietary 
protein (Experiment 1). The lack of dietary protein had 
a marked influence (P < 0.05) in depressing all four 
enzyme activities (trypsin, chymotrypsin, amylase and 
lipase) and protein content in Experiment 2. The pigs in 
this experiment appeared to have been more sensitive 
compared to pigs in Experiment 1 to the lack of dietary 
protein and to have decreased the synthesis and release 
of digestive enzymes in a parallel fashion thereby 
reducing the loss of endogenous protein. 

Three phases have been described in the literature 
régarding ‘the control of ‘pancreatic secretion: “a 
cephalic phase under nervous control, a gastric phase 
under nervous and hormonal control, and an intestinal 


phase under hormonal control. The intestinal phase to 
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pancreatic secretion is thought to mediate exocrine 
pancreatic adaptation tosthe diet. The products of 
digestion may initiate the message to the pancreas to 
alter the complement of enzymes secreted by causing the 
release of gastrointestinal hormones not yet identified 
to increase the synthesis and release of specific 
digestive enzymes. A positive feedback mechanism between 
the activity of a digestive enzyme 
(trypsin/chymotrypsin, amylase or lipase) and the 
Pmeee concn Size of the intestinal pool of hydrolysis 
products (amino acids, glucose or fatty acids) may 
exist. 

The adaptive capability of the pancreas is 
dependent on the level of protein in the diet. Without 
adequate dietary protein, the pancreas secretes enzymes 
in a parallel manner. This reduces the loss of 
endogenous protein and may help in the animal's nitrogen 
balance. In contrast, adaptation may be a strategy to 
increase energy stores when substrates are in excess of 
maintenance and growth requirements. In this Situation, 
the rate of hydrolysis of protein, carbohydrates and 
fats may be limiting without adaptation. 

The results of the first two experiments suggested 
that pancreatic secretions follow a characteristic 
profile in response to feeding. Post-prandial flow rates 
increased within the first 3 h. Maximum volumes were 


secreted within 3-7 h and were followed by a decline 
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during the last 5 h. Protein content and enzyme 
activities increased immediately after feeding and 
gradually decreased to basal levels before the next 
meal. No significant differences (P > 0.05) in volume, 
protein content and enzyme activities were found between 
12 h collections made during the day or night when pigs 
were fed at 0800h and 2000h. 

The results from Experiment 3 showed that 
pancreatic secretions increase in response to feeding. 
Feeding appeared to stimulate pancreatic secretion. It 
is of interest to note that when pigs were intentionally 
not fed at their regular meal time, pancreatic 
secretions increased in anticipation of feeding and 
quickly decreased to basal levels until the next 
feeding. By conditioning the pigs to meal-feeding, it 
appears that the cephalic phase may be primarily 
responsible for the rapid increase in the secretion of 
pancreatic juice immediately after feeding and that the 
gastric phase is masked by the effects of the cephalic 
phase. The intestinal phase may be seen in the gradual 
decrease in pancreatic secretions and appears to be 
responsible for initiating the synthesis and release of 
pancreatic enzymes. 

The frequency of feeding was shown to increase (P < 
0.01) daily volume by 0.5 1 and amylase activity 2-fold 
with each additional meal, but to have no effect (P > 


0.01) on protein secretion and proteolytic enzyme 
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activities. Numerically, pigs fed 2 meals per day 
secreted less protein (NS) and appear to have secreted a 
balanced enzyme complement which may be optimal for the 
growing pig. The continuous secretion by pigs fed 1 meal 
per day and excessive stimulation from pigs fed 3 meals 
per day may be wasteful, but was not shown to be 
Significant. Growth trials and digestibility studies 
could answer how effective is the stimulation of 
pancreatic secretions on feed conversion efficiency and 
digestibilities of feedstuffs at different frequencies 


and levels of feeding. 
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